The number of peripheral blood CD8 T cells declines in advanced stages of human immunodeficiency virus (HIV) infection coinciding with the transition from a clinically asymptomatic state of infection to AIDS. Although blood monocytes/macrophages exhibit cytotoxicity for CD4 T cells soon after HIV infection, cytotoxicity against CD8 T cells occurs at the time when HIV infection advances. The cytotoxic reaction is mediated by immunoglobulins that bind to T cells and which can be eluted from them. The immunoglobulins enable macrophages from noninfected persons to destroy healthy T cells in tissue culture. Lymphocyte-reactive autoantibodies (LRAs) occur physiologically as a result of chronic allo-or self-antigen stimulation. Lymphopenic, autoimmune lupus erythematosus patients exhibit LRAs that facilitate the deletion of T cells by macrophages. It is proposed that LRAs represent an immunoregulatory cytotoxic mechanism that is activated after chronic immune stimulation and is engaged by HIV to deplete host lymphocytes.
Human immunodeficiency virus (HIV) induces in its host
tremely low CD4 T cell levels [8] . What distinguishes the HIV-infected person from experimentally CD4 T cell -depleted vigorous humoral and cellular immune reactions [1] . Although neutralizing antibodies may be beneficial in curbing the spread individuals is the fact that after HIV infection, nondeleted T cells fail to mount adequate immune reactions [5, 9, 10] . This of HIV, there are indications that humoral immune reactions may aid HIV in destroying the host immune system. HIVdeficiency applies to both CD4 T and CD8 T cells, and has been attributed to the inability of accessory cells to provide specific antibodies form immune complexes with the virus that facilitate the infection of macrophages via receptors for the costimulatory assistance [5, 9] . Macrophages from HIV-infected subjects are incapable of immunoglobulin Fc portion [2, 3] . By expressing CD4-reactive HIV envelope molecules, such immune complexes facilitate up-regulating costimulatory surface molecules of the B7 family [5] . The up-regulation of B7 molecules on accessory cells [11] , the cellular conjugate formation between cytotoxic macrophages and CD4 T cells, which results in the destruction of or the supply of such molecules in a bystander fashion [12] , is a prerequisite for the T cell immune response. As macro-CD4 T cells in vitro [4 -6] and massive deletion of CD4 T cells in vivo [7] .
phages lose their costimulatory capacity in the course of HIV disease, they gain the ability to destroy targeted T cells [5, 6] . If (as is widely believed) the loss of CD4 T cells is a major cause of HIV-induced immunodeficiency, this noninfective deTwo distinct macrophage subsets have been identified [13, 14] . One subset, which we refer to as M1, can costimulate the T letion of CD4 T cells may represent a significant pathogenic cell response. The second subset, which we refer to as M2, mechanism. However, experimental and therapeutic CD4 T cell destroys targeted lymphocytes. M1 and M2 cells differ phenodeletion in mice and humans demonstrates little support for typically and require antagonistic differentiation signals for the thesis that CD4 T cell deletion causes immunodeficiency, their development [13, 14] . because adequate immune functions can be maintained at ex-CD8 T cells have a major role in the body's defense against noncytopathic viral infection [15] . HIV induces a strong cytotoxic T cell response in its human host [16] . Immediately after the initial viremia, viable T cell -tropic HIV variants are unde-mula: Percent deleted cells Å (cells cultured with control macrogressor is the HIV-infected chimpanzee [24] . Chimpanzees phages 0 cells cultured with patient macrophages)/cells cultured possess a proportionally larger CD8 T cell compartment than with control macrophages 1 100.
humans. After infecting the chimpanzee, HIV replicates slowly
To facilitate the release of cell surface-bound immune comin CD4 T cells unless CD8 T cells are deleted [25] . 
Macrophages from HIV-infected donors destroy in coculture
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Cell preparation and macrophage cytotoxicity assay. Periph-
CD4 T cells and CD8 T cells from healthy control donors.
In were gated in the flow cytometer and assayed for remaining CD4 ure 3A) . This finding could be interpreted to mean that while bystander kill of CD8 T cells may occur, the exogenous gp120/ immunoglobulin complexes may have redirected cytotoxicity to CD4 T cells. To further explore the possibility of bystander kill, we took advantage of results from previous experiments that demonstrated a rapid turnover of CD4-reactive immune complexes on the macrophage surface [6] . Within 12 h after immunoglobulin is removed from the environment, immune complexes virtually disappear from the macrophage surface, and the macrophages no longer target CD4 T cells for destruction. Figure 3B confirms these findings and also demonstrates that macrophages from AIDS patients lose the ability to destroy CD8 T cells within 12 h of preincubation in tissue culture. The administration of exogenous CD4-reactive immune-complexed HIV envelope antigens restores the targeting of CD4 but not CD8 T cells for destruction. Thus, there is evidence that in earlier stages of HIV infection, host macrophages destroy CD4 T cells but not CD8 T cells and that in tissue culture, exogenous the ratio in which these cells exist in the blood of healthy donors. The ratio changes, however, in HIV-infected persons with a preferential lymphocyte loss and, consequently, an increase in the proportion of macrophages. Figure 2 depicts an experiment that shows that the cytotoxicity for T cells from AIDS patients increases when the proportion of macrophages is increased.
CD8 T cells are not destroyed by macrophages in an innocent bystander fashion. We considered the possibility that macrophages from HIV-infected donors destroy CD8 T cells in a bystander fashion. Previous experiments demonstrated that . Deletion of CD4 and CD8 T cells was measured 2 days later. Error bars designate SD. HIV gp120 diluted 1 mg/mL with diluted serum from asymptomatic seropositive donor; anti-gp120 (agp120) diluted 1:1000. B, Experiment is identical to (A) except that macrophages were cultured alone for 12 h before lymphocytes and gp120/immunoglobulin complexes were added.
CD4-reactive gp120/immunoglobulin complexes restore this infected subjects express immunoglobulin in a broad range of concentrations that are above the values of T cells from healthy destruction of CD4 T cells but not CD8 T cells. Combining this evidence, it seems reasonable to conclude that macrodonors. A few individuals express more immunoglobulin on CD4 T cells than on CD8 T cells ( figure 4C ). The presence of phages employ ligands for the deletion of CD8 T cells, which are distinct from the CD4-reactive immune-complexed HIV CD4-specific autoantibodies has been noted previously in Ç10% of seropositive persons [36] . envelopes that facilitate the deletion of CD4 T cells.
LRAs are produced by individuals with advanced HIV infec-
The possibility that macrophage cytotoxicity for T cells was mediated by LRAs was investigated by testing the cation. Autoreactive immunoglobulin have been detected in HIV-infected subjects [26 -32] . Although specific antigenic tarpacity of serum LRAs and of antibodies eluted from lymphoid cells of AIDS patients to facilitate the lymphocyte gets have been recognized in individual cases, no specific autoantigen has been reliably associated with AIDS pathogenesis. destruction in cultures of PBMC from seronegative donors. Eluates were prepared by incubating PBMC from a patient The occurrence of T cell -reactive antibodies, however, is a common feature of progressive HIV infection. We have examwith high autoantibody expression overnight in cold balanced salt solution. Immunoglobulin released into the superined the T cells from 62 HIV-infected donors for the presence of LRAs, which are readily detected on the surface of T cells natant or present in patient serum reacted with healthy lymphocytes (data not shown). In the presence of macrophages, that normally express no immunoglobulin. The cells were treated with FITC-labeled goat anti-human immunoglobulin, serum from AIDS patients and eluates from lymphoid cells of AIDS patients facilitated the deletion of CD4 and CD8 T and the fluorescence label was assayed by flow cytometry. To confirm that immunoglobulin and not another factor reDiscussion lated to HIV infection is responsible for the observed T cell This study explored further aspects of the role of accessory destruction, we isolated the immunoglobulin fraction from 1 cells in the development of HIV-related immunodeficiency. We serum sample with high LRA activity and found that this fracdemonstrate that the HIV-1 -infected person may arm monotion but not the immunoglobulin-negative fraction mediated cytes/macrophages with LRAs and enable them to destroy tarthe deletion of T cells by macrophages ( figure 6 ). Furthermore, geted lymphocytes in an ADCC fashion. NK cells, granulo-LRA are produced independently of HIV infection under condicytes, and macrophages are the major ADCC effector cells tions of chronic stimulation of the immune system. For exam-
[38], and they all may delete T cells via LRAs. However, NK ple, LRA are produced in individuals with SLE, in which lymcells [39] and granulocytes [40] progressively lose cytotoxic phopenia is a characteristic diagnostic factor [37] . Twenty-five activity after HIV infection, whereas macrophage cytotoxic sera from SLE patients were randomly selected from a serum activity increases [5, 6] . The heightened macrophage cytotoxicbank. Most of the donors produced LRAs at the time of serum ity reflects a fundamental change of macrophage function in collection, as determined in the immunoglobulin-binding assay HIV-infected persons. It occurs in conjunction with declining (figure 7). The serum expression of LRA correlated positively antigen presentation and costimulatory macrophage function with the capacity of the serum to facilitate macrophage-mediated deletion of T cells (figure 7). and may contribute decisively to lymphopenia and immune dysfunction. Therefore, the imbalanced macrophage function presence of interferon (IFN)-g or cAMP. IL-10 blocks their development. M2 cells fail to up-regulate B7 expression, but in HIV-infected subjects warrants consideration.
Immune complex -dependent and antibody-dependent macthey express CD16. The development of M2 cells is facilitated by IL-10 and inhibited by IFN-g or cAMP [13, 14] . It follows rophage cytotoxicity can be inhibited by anti-CD16 MAb, implicating CD16 (the low-affinity FcgIIIR [38]) as a mediator that IFN-g tilts the M1-M2 balance toward costimulatory M1 cells, while IL-10 favors the development of cytotoxic M2 of the cytotoxic mechanism [6] . FcgIIIR facilitates immune complex -mediated HIV infection of macrophages [2, 3] . This cells. An IL-10 predominance has been described in HIV-infected subjects [14, 42] . An enlarged Th2 cell population has suggests that CD16 may not only predispose macrophages for the immune complex -mediated and autoantibody-mediated debeen cited as a potential source of elevated IL-10 levels [42] ; however, this proposal has been challenged [43] . letion of T cells but may also increase macrophage susceptibility for immune complex -mediated HIV infection. Macrophage Another, less recognized, IL-10 source is the macrophage. Macrophages release IL-10 after HIV infection [44, 45] and CD16 expression and cytotoxic activity can be enhanced by treatment with interleukin (IL)-10 [13, 14] , a cytokine that after reaction with immune complexes [46] . Monocyte-derived dendritic cells, which are prototypic immunostimulatory accesblocks the expression of major histocompatibility complex (MHC) II molecules [41] and B7 molecules [11, 13] . IL-10 sory cells and potent IL-12 producers, lose their immunostimulatory qualities and promote the production of IL-10 when abrogates macrophage antigen-presenting and costimulatory activity [11, 12] . they mature in the presence of PGE 2 [47] . Macrophage PGE 2 production is greatly enhanced in HIV-seropositive persons Two macrophage subpopulations have been distinguished on the basis of surface antigen phenotypes and their mechanism [48] . It is possible that macrophages initiate alterations in the type 1 -type 2 cytokine balance rather than becoming mere of generation [13] . We refer to them as M1 and M2 cells. M1 cells express MHC II, up-regulate B7, and are generated in the objects of it after infection with HIV, when they react with / 9d4c$$au06 06-05-98 13:17:26 jinfa UC: J Infect
Among the shared features of HIV disease and SLE are B cell hyperreactivity [37, 51, 52] , lymphopenia [1, 37] , LRAs [1, 37] , and immune dysfunction [1, 37] . Central to the immune dysfunction in both diseases is a deficiency at the level of antigen presentation. Comparing PBMC immune functions for HIV-infected donors and SLE patients, Shearer and colleagues [53, 54] observed in both diseases a deficiency in the ability of macrophages to present recall antigen or alloantigen to T cells. Similar to AIDS patients' monocytes [44, 45] , SLE patients' monocytes deviate from the norm in producing IL-10 [53 -55] , which may contribute to depressed cellular immunity in both diseases.
In conclusion, the data presented herein help build a case for a special role of macrophages and related cells in promoting HIV disease. By infecting macrophages, HIV may tilt the cytokine balance toward IL-10 predominance and inhibit antigen presentation and costimulation; inhibit the macrophage capacity to destroy intracellular parasites, which cause opportunistic diseases; and enhance the ability of macrophages to destroy The chimpanzee, which does not replicate macrophagetropic HIV variants [24] , and humans who lack receptors for them [58] , do not develop AIDS. It is conceivable that HIV was not immune complexes and up-regulate PGE 2 production. Macroa deadly human virus before it developed macrophagetropic phages isolated from the blood of HIV-infected donors exhibit variants. M2 cell features, but they revert to M1 cells after incubation with both IFN-g and antibody against IL- 10 [14] . They reflect
